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KM01 KMIO 

(54) [Title of the Invention] Signal Processing Device, Imaging 
Device, Signal Processing Method, and Storage Medium 
(57) [Abstract] 

[Problem] To provide an imaging device capable of determining a 
white balance control value for a precise white balance adjustment. 
[Means for Solution] A color signal from a not-shown imaging 
element is developed on chromaticity coordinates by a white 
discriminating operation 102. It is decided by a white decision 
103 whether or not the result of the expansions is contained in 
a plurality of white discrimination regions of different color 
temperatures discriminated as a white color on the chromaticity 
coordinates. From the evaluation results in the individual white 
discrimination regions, the individual white balance control 
values and the evaluation indexes are determined. On the basis 
of the evaluation indexes, the white balance control values for 
performing the white balance adjustments are determined from the 
individual white balance control values, thereby to perform the 
white balance adjustments. 
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[Claims ] 
[Claim 1] 

A signal processing device characterized by comprising: 
white deciding means having a plurality of evaluation 
regions, in which color signals outputted from imaging means having 
a plurality of color filters and converted to digital signals are 
discriminated to be white, for deciding what of the evaluation 
regions the color signals are contained; and 

operation means for determining the white balance control 
values and the evaluation indexes of the evaluation regions on 
the basis of the color signals decided to be white in said 
evaluation regions, and for operating the white balance control 
values for the white balance adjustments, by weighting and adding 
the individual white balance control values determined in said 
evaluation regions on the basis of said evaluation indexes. 
[Claim 2] 

A signal processing device in claim 1, characterized in that 
said white deciding means extracts and combines the different 
components of each color signal for every adjacent pixels thereby 
to perform the while discrimination of the color signals developed 
in chromaticity coordinates. 
[Claim 3] 

A signal processing device in claim 1, characterized in that 
said white deciding means gathers the different components of each 
color signal extracted and combined for every adjacent pixels, 
at the unit of a plurality of blocks, thereby to perform the 
operations in combination of the average values of the pixel 
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components determined for each color and to perform the white 
discrimination of the color signals developed in the chromaticity 
coordinates . 
[Claim 4] 

A signal processing device in claim 1, characterized in that 
said operation means performs, in each of said evaluation regions, 
an adding integration of each component of the color signal which 
has been decided to be contained in said evaluation regions by 
said white deciding means, thereby to determine the white balance 
control value in each of said evaluation regions on the basis of 
the integration result. 
[Claim 5] 

A signal processing device in claim 2, characterized: 
in that said evaluation index is a count value, for which 
the number of combinations of pixels decided, by said white 
deciding means, to be contained in said evaluation region is 
counted for each of said evaluation region by setting the 
combination of the pixels for creating a color signal to be 
discriminated white by said white deciding means, to one set; and 
in that said operation means compares the count values of 
the individual evaluation regions, and weights the white balance 
control values obtained by said each evaluation region, on the 
basis of the comparison thereby to determine the white balance 
control value for the white balance adjustment. 
[Claim 6] 

A signal processing device in claim 5, characterized: 

in that the evaluation regions in said white deciding means 
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are divided according to the color temperature into two regions 
for a first color temperature side and for a second color 
temperature side; and 

in that said operation means weights the count values of 
the individual evaluation regions in accordance with the magnitude 
relation between the evaluation index calculated in the evaluation 
region on said first color temperature side or said second color 
temperature side and a threshold value, and weights and adds the 
white balance control value of each evaluation region on the basis 
of the former weighting, thereby to determine the white balance 
control value for the white balance adjustment. 
[Claim 7] 

A signal processing device in claim 6, characterized in that 
said operation means ignores the evaluation index on the second 
color temperature side when the evaluation index calculated in 
the evaluation region on said first color temperature side is 
larger than the threshold value. 
[Claim 8] 

A signal processing device in claim 6, characterized in that 
said operation means ignores the evaluation index on the second 
color temperature side when the evaluation index calculated in 
the evaluation region on said second color temperature side is 
smaller than the threshold value. 
[Claim 9] 

A signal processing device in claim 6, characterized in that 
said threshold value is decided by a photographing condition. 
[Claim 10] 
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A signal processing device in claim 9, characterized in that 
the white balance control value of said each evaluation region 
is weighted and added by further considering the photographing 
condition. 
[Claim 11] 

A signal processing device in claim 5, characterized: 
in that the evaluation regions in said white deciding means 
are divided according to the color temperature into first to N-th 
evaluation regions (N: an integer of 2 or more) for a first color 
temperature side and for a second color temperature side; and 

in that said operation means weights the count values of 
the individual evaluation regions in accordance with the magnitude 
relation between the evaluation index calculated from the first 
to M-th evaluation regions (M: an integer of 2 or more, M <= N) 
and a threshold value, and weights and adds the white balance 
control value of each evaluation region on the basis of the former 
weighting, thereby to determine the white balance control value 
for the white balance adjustment. 
[Claim 12] 

A signal processing device in claim 11, characterized in 
that said threshold value is decided under the photographing 
condition . 
[Claim 13] 

A signal processing device in claim 1, characterized in that 
said operation means determines said evaluation index on the basis 
of the photographing condition. 
[Claim 14] 
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A signal processing device in claim 13, characterized in 
that said photographing condition is an exposure condition. 
[Claim 15] 

A signal processing device in claims 1 to 14, characterized 
in that said signal processing device includes said imaging means. 
[Claim 16] 

A signal processing method characterized by comprising: 
white deciding step having a plurality of evaluation regions, 
in which color signals outputted from imaging means having a 
plurality of color filters are discriminated to be white, for 
deciding what of the evaluation regions the color signals are 
contained; and 

operation step for determining the white balance control 
values and the evaluation indexes of the evaluation regions on 
the basis of the color signals decided to be white in said 
evaluation regions, and for operating the white balance control 
values for the white balance adjustments, by weighting and adding 
the individual white balance control values determined in said 
evaluation regions on the basis of said evaluation indexes. 
[Claim 17] 

A signal processing method in claim 16, characterized in 
that said white deciding step extracts and combines the different 
components of each color signal for every adjacent pixels thereby 
to perform the while discrimination of the color signals developed 
in chromaticity coordinates. 
[Claim 18] 

A signal processing method in claim 16, characterized in 
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that said white deciding step gathers the different components 
of each color signal extracted and combined for every adjacent 
pixels, at the unit of a plurality. of blocks, thereby to perform 
the operations in combination of the average values of the pixel 
components determined for each color and to perform the white 
discrimination of the color signals developed in the chromaticity 
coordinates . 
[Claim 19] 

A signal processing method in claim 16, characterized in 
that said operation step performs, in each of said evaluation 
regions, an adding integration of each component of the color 
signal which has been decided to be contained in said evaluation 
regions by said white deciding step, thereby to determine the white 
balance control value in each of said evaluation regions on the 
basis of the integration result. 
[Claim 20] 

A signal processing method in claim 17, characterized: 
in that said evaluation index is a count value, for which 
the number of combinations of pixels decided, by said white 
deciding step, to be contained in said evaluation region is counted 
for each of said evaluation region by setting the combination of 
the pixels for creating a color signal to be discriminated white 
by said white deciding step, to one set; and 

in that said operation step compares the count values of 
the individual evaluation regions, and weights the white balance 
control values obtained by said each evaluation region, on the 
basis of the comparison thereby to determine the white balance 
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control value for the white balance adjustment. 
[Claim 21] 

A signal processing method in claim 20, characterized: 
in that the evaluation regions in said white deciding step 
are divided according to the color temperature into two regions 
for a first color temperature side and for a second color 
temperature side; and 

in that said operation step weights the count values of the 
individual evaluation regions in accordance with the magnitude 
relation between the evaluation index calculated in the evaluation 
region on said first color temperature side or said second color 
temperature side and a threshold value, and weights and adds the 
white balance control value of each evaluation region on the basis 
of the former weighting, thereby to determine the white balance 
control value for the white balance adjustment. 
[Claim 22] 

A signal processing method in claim 21, characterized in 
that said operation step ignores the evaluation index on the second 
color temperature side when the evaluation index calculated in 
the evaluation region on said first color temperature side is 
larger than the threshold value. 
[Claim 23] 

A signal processing method in claim 21, characterized in 
that said operation step ignores the evaluation index on the second 
color temperature side when the evaluation index calculated in 
the evaluation region on said second color temperature side is 
smaller than the threshold value. 
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[Claim 24] 

A signal processing method in claim 21, characterized in 
that said threshold value is decided by a photographing condition. 
[Claim 25] 

A signal processing method in claim 24, characterized in 
that the white balance control value of said each evaluation region 
is weighted and added by further considering the photographing 
condition. 
[Claim 26] 

A signal processing method in claim 20, characterized: 
in that the evaluation regions in said white deciding step 
are divided according to the color temperature into first to N-th 
evaluation regions (N: an integer of 2 or more) for a first color 
temperature side and for a second color temperature side; and 

in that said operation step weights the count values of the 
individual evaluation regions in accordance with the magnitude 
relation between the evaluation index calculated from the first 
to M-th evaluation regions (M: an integer of 2 or more, M <== N ) 
and a threshold value, and weights and adds the white balance 
control value of each evaluation region on the basis of the former 
weighting, thereby to determine the white balance control value 
for the white balance adjustment. 
[Claim 27] 

A signal processing method in claim 26, characterized in 
that said threshold value is decided under the photographing 
condition . 
[Claim 28] 
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A signal processing method in claim 16, characterized in 
that said operation step determines said evaluation index on the 
basis of the photographing condition. 
[Claim 29] 

A signal processing method in claim 28, characterized in 
that said photographing condition is an exposure condition. 
[Claim 30] 

A storage medium having a module comprising: 
white deciding step having a plurality of evaluation regions, 
in which color signals outputted from imaging means having a 
plurality of color filters and converted to digital signals are 
discriminated to be white, for deciding what of the evaluation 
regions the color signals are contained; and 

operation step for determining the white balance control 
values and the evaluation indexes of the evaluation regions on 
the basis of the color signals decided to be white in said 
evaluation regions, and for operating the white balance control 
values for the white balance adjustments, by weighting and adding 
the individual white balance control values determined in said 
evaluation regions on the basis of said evaluation indexes. 
[Claim 31] 

A storage medium in claim 30, characterized in that said 
white deciding step extracts and combines the different components 
of each color signal for every adjacent pixels thereby to perform 
the while discrimination of the color signals developed in 
chromaticity coordinates . 
[Claim 32] 
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A storage medium in claim 30, characterized in that said 
white deciding step gathers the different components of each color 
signal extracted and combined for every adjacent pixels, at the 
unit of a plurality of blocks, thereby to perform the operations 
in combination of the average values of the pixel components 
determined for each color and to perform the white discrimination 
of the color signals developed in the chromaticity coordinates. 
[Claim 33] 

A storage medium in claim 30, characterized in that said 
operation step performs, in each of said evaluation regions, an 
adding integration of each component of the color signal which 
has been decided to be contained in said evaluation regions by 
said white deciding step, thereby to determine the white balance 
control value in each of said evaluation regions on the basis of 
the integration result. 
[Claim 34] 

A storage medium in claim 31, characterized: 
in that said evaluation index is a count value, for which 
the number of combinations of pixels decided, by said white 
deciding step, to be contained in said evaluation region is counted 
for each of said evaluation region by setting the combination of 
the pixels for creating a color signal to be discriminated white 
by said white deciding step, to one set; and 

in that said operation step compares the count values of 
the individual evaluation regions, and weights the white balance 
control values obtained by said each evaluation region, on the 
basis of the comparison thereby to determine the white balance 
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control value for the white balance adjustment. 
[Claim 35] 

A storage medium in claim 34, characterized: 
in that the evaluation regions in said white deciding step 
are divided according to the color temperature into two regions 
for a first color temperature side and for a second color 
temperature side; and 

in that said operation step weights the count values of the 
individual evaluation regions in accordance with the magnitude 
relation between the evaluation index calculated in the evaluation 
region on said first color temperature side or said second color 
temperature side and a threshold value, and weights and adds the 
white balance control value of each evaluation region on the basis 
of the former weighting, thereby to determine the white balance 
control value for the white balance adjustment. 
[Claim 36] 

A storage medium in claim 35, characterized in that said 
operation step ignores the evaluation index on the second color 
temperature side when the evaluation index calculated in the 
evaluation region on said first color temperature side is larger 
than the threshold value. 
[Claim 37] 

A storage medium in claim 35, characterized in that said 
operation step ignores the evaluation index on the second color 
temperature side when the evaluation index calculated in the 
evaluation region on said second color temperature side is smaller 
than the threshold value. 
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[Claim 38] 

A storage medium in claim 35, characterized in that said 
threshold value is decided by a photographing condition. 
[Claim 39] 

A storage medium in claim 38 , characterized in that the white 
balance control value of said each evaluation region is weighted 
and added by further considering the photographing condition. 
[Claim 40] 

A storage medium in claim 34, characterized: 
in that the evaluation regions in said white deciding step 
are divided according to the color temperature into first to N-th 
evaluation regions (N : an integer of 2 or more) for a first color 
temperature side and for a second color temperature side; and 

in that said operation step weights the count values of the 
individual evaluation regions in accordance with the magnitude 
relation between the evaluation index calculated from the first 
to M-th evaluation regions (M: an integer of 2 or more, M <= N) 
and a threshold value, and weights and adds the white balance 
control value of each evaluation region on the basis of the former 
weighting, thereby to determine the white balance control value 
for the white balance adjustment. 
[Claim 41] 

A storage medium in claim 40, characterized in that said 
threshold value is decided under the photographing condition. 
[Claim 42] 

A storage medium in claim 30, characterized in that said 
operation step determines said evaluation index on the basis of 



the photographing condition. 
[Claim 43] 

A storage medium in claim 42, characterized in that said 
photographing condition is an exposure condition. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an imaging device and, more 
particularly, to a white balance control therefor. 
[0002] 

[Related Art] 

Fig. 9 is a block diagram showing a constitution of a white 
balance control value calculating device for performing a white 
balance control on the image which is photographed by imaging means 
having a plurality of color filters. 
[0003] 

The color filters are made into complementary color filters 
having an array of Mg (magenta) , Gr (green) , Cy (cyan) and Ye 
(yellow) colors, as shown in Fig. 11. The digital color component 
data, which is photographed by the imaging elements and A/D 
converted, is inputted to an imaging data input 1001, as shown 
in Fig. 9, so as to determine the white balance control value for 
the white balance adjustment. 
[0004] 

The digital color component data inputted is set into one 
group of 2 x 2 pixels (as enclosed by an arc) of Mg, Gr, Cy and 
Ye of the color array shown in Fig. 11, and X and Y, as expressed 
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by the following formulas, are calculated by a white discrimination 
operation 1002, and are expressed on chromaticity coordinates, 
as expressed by two-dimensional X and Y axes so that they are used 
in a white decision 1003. 
[0005] 

X - (Cy-Ye) /Yi (1) 

Y = (Mg-Gr) /Yi (2) . 

Yi has a value corresponding to the brightness level of a color 
signal expressed by the averages of Mg, Gr, Cy and Ye. By the 
normalizations with Yi, the white decision does not depend on the 
brightness level . Here, the aforementioned groups may be gathered 
at the block unit of sets so that the average values of the pixel 
components determined for the individual colors may be combined 
for the operations thereby to execute the operation results being 
developed in the chromaticity coordinates. 
[0006] 

Fig. 10 shows evaluation regions 1 to 5 (702 to 706) (as 
will be called the "white discrimination regions") to be 
discriminated as a white color on the chromaticity coordinates 
expressed by X and Y of Formulas (1) and (2) . These regions are 
formed near a curve 701 resembling the chromaticity of the ideal 
black body radiation, and are divided separately of the color 
temperatures . 
[0007] 

When the X and Y coordinates determined by the aforementioned 
operation formulas (1) and (2) come into the white discrimination 
region 2 (703) on the chromaticity coordinates of Fig. 10, for 
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example, one set of the chromaticity component data used the 
operation is sent to the corresponding white discrimination region 
2 data integration 1005 so that the data values are added for the 
individual color components. 
[0008] 

The additional integrations of the white discrimination 
operation, the white discrimination and the white discrimination 
regions 1 to 5 thus far described are performed for the individual 
color component data in one picture plane. 
[0009] 

At this time, the white discrimination regions 1 to 5 are 
classified for the using propriety in the white balance adjustment 
by the photographing conditions. 
[0010] 

If the photographing image is Ev = 15 at an APEX value, for 
example, it hardly occurs that the image is the light source having 
a color temperature of 4,000 K or lower. Therefore, the white 
discrimination region 5 (706) of the color temperature of 4,000 
K or lower in Fig. 10 is excluded from the object of the white 
balance operation. The input of this photographing condition is 
a photographing condition 1010, and the selection of the white 
discrimination region is a white discrimination 1009. 
[0011] 

It is intended to perform the white discrimination in a more 
precise white balance by that method. 
[0012] 

The integrated values of the individual color components 
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of the white discrimination regions 1 to 5, as selected by the 
white discrimination region selection 1009, are set to a WB 
operation 1011, and are further added for the individual color 
components . 
[0013] 

For the integrated value SumMg of the Mg component, the 
integrated value SumGr of the Gr component, the integrated value 
SumCy of the Cy component and the integrated value SumYe of the 
Ye component, the white balance control values WBMg, WBGr, WBCy 
and WBYe of the individual color components are determined by the 
following equations : 

WBMg = (SumMg+SumGr+SumCy+SumYe) /SumMg (3); 
WBGr = (SumMg+SumGr+SumCy+SumYe) /SumGr (4); 
WBCy = ( SumMg+SumGr+SumCy+SumYe ) /SumCy (5); and 
WBYe = (SumMg+SumGr+SumCy+SumYe) /SumYe (6). 

The white balance control values thus derived are outputted 
by a WB control value output 1012 so that the white balance 
adjustment is made for the individual color component data of the 
photographed image . 
[0014] 

[Problems that the Invention is to Solve] 

When the operation of the white balance control value is 
performed, as in the aforementioned example of the related art, 
there may appear the white discrimination region which is not 
reflected by the photographing condition. When the photographing 
image is brighter than Ev = 15, as described hereinbefore, the 
white discrimination region 5 (706) , the white discrimination 
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region selecting condition excludes the white discrimination 
region 5 (706) of the color temperature of 4, 000 K or lower from 
the object of the white balance operation. 
[0015] 

In this case, it is thought that the white discrimination 
of the white balance can be performed in a high precision under 
the ordinary outdoor light source. In the case of a mixed light 
source of the outdoor light and the indoor electric bulb light, 
as in the photography near the window in a room, the white 
discrimination of a light source of a relatively high color 
temperature (e.g., about 5, 500 K) of the outdoor light is reflected, 
but the white discrimination of the light source of a low color 
temperature (e.g., about 3, 000 K) of the indoor electric bulb light 
is excluded so that the color temperature of the electric bulb 
light source is not reflected on the white balance adjustment. 
Thus, there arises a problem that the precise white balance 
operation is not performed. 
[0016] 

The present invention has been conceived under these 
situations, and has an object to provide an imaging device capable 
of determining a white balance control value for a precise white 
balance adjustment . 
[0017] 

[Means for Solving the Problems] 

In order to achieve the aforementioned object, according 
to the invention, there is provided a signal processing device 
comprising: white deciding means having a plurality of evaluation 
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regions, in which color signals outputted from imaging means having 
a plurality of color filters and converted to digital signals are 
discriminated to be white, for deciding what of the evaluation 
regions the color signals are contained; and operation means for 
determining the white balance control values and the evaluation 
indexes of the evaluation regions on the basis of the color signals 
decided to be white in the evaluation regions, and for operating 
the white balance control values for the white balance adjustments, 
by weighting and adding the individual white balance control values 
determined in the evaluation regions on the basis of the evaluation 
indexes . 
[0018] 

There is further provided a signal processing method 
comprising: white deciding step having a plurality of evaluation 
regions, in which color signals outputted from imaging means having 
a plurality of color filters and converted to digital signals are 
discriminated to be white, for deciding what of the evaluation 
regions the color signals are contained; and operation step for 
determining the white balance control values and the evaluation 
indexes of the evaluation regions on the basis of the color signals 
decided to be white in the evaluation regions, and for operating 
the white balance control values for the white balance adjustments, 
by weighting and adding the individual white balance control values 
determined in the evaluation regions on the basis of the evaluation 
indexes . 
[0019] 

There is still further provided a storage medium having a 



module comprising: white deciding step having a plurality of 
evaluation regions, in which color signals outputted from imaging 
means having a plurality of color filters and converted to digital 
signals are discriminated to be white, for deciding what of the 
evaluation regions the color signals are contained; and operation 
step for determining the white balance control values and the 
evaluation indexes of the evaluation regions on the basis of the 
color signals decided to be white in the evaluation regions, and 
for operating the white balance control values for the white 
balance adjustments, by weighting and adding the individual white 
balance control values determined in the evaluation regions on 
the basis of the evaluation indexes. 
[0020] 

[Mode of for Carrying Out the Invention] 

The modes of embodiment of the invention will be described 
in detail in connection with the examples of an imaging device. 
Here, the device can be practiced not only in the form of a device 
but also in the form of a method backed by the description of the 
modes of embodiment or in the form of a storage medium such as 
a CD-ROM stored with a program for practicing the method. 
[0021] (First Mode of Embodiment) 

Fig. 1 is a block diagram showing a constitution of an 
essential portion (or a white balance control value operating 
device) of an "imaging device" according to a first mode of 
embodiment. The constitution of the imaging device other than 
this essential portion may be any of well-known suitable ones so 
that it is omitted from the description. A plurality of 



compensating filters having an array of Mg (magenta) , Gr (green) , 
Cy (cyan) and Ye (yellow), as shown in Fig. 11, for example. The 
digital color component data, as photographed by imaging elements 
having the color filter and A/D-converted, is inputted to an 
imaging data input (101), as shown in Fig. 1, so as to determine 
the white balance control value for a white balance adjustment. 
[0022] 

From the digital color component data inputted, the values 
X and Y, as expressed by the following formulas, are calculated 
in a white discriminating operation 102 for one group of 2x2 
pixels (as circled) of Mg, Gr, Cy and Ye of the color array shown 
in Fig. 11. Those values are expressed on chromaticity 
coordinates expressed by two-dimensional axes X and Y and are used 
for a white decision (103). 
[0023] 

X = (Cy-Ye) /Yi (7) 
Y = (Mg-Gr) /Yi (8) 

Yi designate a value corresponding to the brightness level 
of an imaging signal, as expressed by the average values of Mg, 
Gr, Cy and Ye, for example. The white decision can be made 
independent from the brightness level by a normalization with Yi . 
[0024] 

Fig. 2 shows such a white discrimination region on the 
chromaticity coordinates expressed by X and Y of the formulas (7) 
and (8) as are divided into a high color temperature side 502 and 
a low color temperature side 503. This region is formed in the 
region near a curve 501 approximating the chromaticity of an ideal 
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block radiation, and is divided by the chromaticity corresponding 
to the color temperature of 4000 K. 
[0025] 

The operations thus far described are similar to those of 
the aforementioned similar technical example. Here is described 
the method for using the results of two white discrimination 
regions in accordance with the characteristics of the present 
embodiment . 
[0026] 

When the X and Y coordinates determined by the aforementioned 
operation formulas (7) and (8) come into the region 502 on the 
hot color temperature side of the white discrimination region on 
the chromaticity coordinates of Fig. 2, for example, a white 
discrimination instructing signal 114 is set to a high color 
temperature side data integration 109. In response to the 
instruction, one set of color component data 115 sent to the high 
color temperature side data integration 109 by that instruction 
and used for the operations has a data value added for each color 
component by the high color temperature side data integration 109. 
[0027] 

Simultaneously with this, a white discrimination 
instructing signal 113 is sent to a high color temperature side 
count 105 so that the white decision count is incremented by 1. 
[0028] 

Likewise, when the X and Y coordinates determined by the 
aforementioned operation formulas (7) and (8) come into the region 
503 on the low color temperature side of the white discrimination 



region on the chromaticity coordinates of Fig. 2, the white 
discrimination instructing signal 114 is set to a low color 
temperature side data integration 107. In response to the 
instruction, one set of color component data 115 sent to the low 
color temperature side data integration 107 by that instruction 
and used for the operations has a data value added for each color 
component by the low color temperature side data integration 107. 
Simultaneously with this, moreover, the white discrimination 
instructing signal 113 is sent to a low color temperature side 
count 104 so that the white decision count is incremented by 1. 
[0029] 

The white discriminating operation, the white 
discrimination, the adding integration of the two white 
discrimination regions, and the two white discrimination region 
count thus far described are performed for the individual color 
component data in one frame. 
[0030] 

The data SumMgLo, SumGrLo, SumCyLo and SumYeLo of the 
individual color components of low color temperature side data 
integrated values 118 determined are individually sent to a low 
color temperature side WB operation 108 so that the white balance 
control values WBMgLo, WBGrLo, WBCyLo and WBYeLo are determined 
by the following formula: 
[0031] 
WBMgLo 

= (SumMgLo + SumGrLo + SumCyLo + SumYeLo) /SumMgLo (9); 
WBGrLo 
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= (SumMgLo + SumGrLo + SumCyLo + SumYeLo) /SumGrLo (10); 
WBCyLo 

= (SumMgLo + SumGrLo + SumCyLo + SumYeLo) /SumCyLo (11); and 
WBYeLo 

- (SumMgLo + SumGrLo + SumCyLo + SumYeLo) /SumYeLo (12). 

Likewise, the data SumMgHi, SumGrHi, SumCyHi and SumYeHi 
of the individual color components of high color temperature side 
data integrated value 119 determined are individually sent to a 
high color temperature side WB operation 110 so that the white 
balance control values WBMgHi, WBGrHi, WBCyHi and WBYeHi are 
determined by the following formulas: 
[0032] 
WBMgHi 

= (SumMgHi + SumGrHi + SumCyHi + SumYeHi ) /SumMgHi (13); 
WBGrHi 

= (SumMgHi + SumGrHi + SumCyHi + SumYeHi ) /SumGrHi (14); 
WBCyHi 

= (SumMgHi + SumGrHi + SumCyHi + SumYeHi ) /SumCyHi (15); and 
WBYeHi 

- (SumMgHi + SumGrHi + SumCyHi + SumYeHi ) /SumYeHi (16). 

Next, a low color temperature side count value 116 and a 
high color temperature side count value 117 determined are sent 
to a mixing ratio calculation 106 so that the mixing ratio of the 
low color temperature side WB control value and the high color 
temperature side WB control value is determined. If the low color 
temperature side count value is 15, 000 sets and if the high 
temperature side count value is 35,000 sets, for example, the 
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mixing ratio of MixLo : MixHi between the low color temperature 
side WB control value and the high color temperature side WB control 
value is set to: 

MixLo : MixHi = 15,000 : 35,000 =3:7. 

[0033] 

In accordance with the mixing ratio of MixLo : MixHi thus 
determined, the white balance control values of the individual 
color signals are determined in a WB mixing-adding operation 111, 
as follows: 
[0034] 

WBMg = {MixLo/ (MixLo + MixHi )} WBMgLo + 
MixHi) } WBMgHi 



{MixHi/ (MixLo + 
(17) ; 



WBGr = {MixLo/ (MixLo + MixHi )} WBGrLo + {MixHi/ (MixLo + 



(18) ; 
{MixHi/ (MixLo + 

(19) ; and 
{MixHi/ (MixLo + 

(20) . 



MixHi) } WBGrHi 

WBCy = {MixLo/ (MixLo + MixHi )} WBCyLo H 
MixHi) }WBCyHi 

WBYe = {MixLo/ (MixLo + MixHi )} WBYeLo H 
MixHi) } WBYeHi 

The white balance control values thus determined are 
outputted from a WB control value output 112, and are used for 
the white balance adjustment of the photographed images. 
[0035] 

As described above, the mixing ratios to the white balance 
control values determined for the individual white discrimination 
regions divided in plurality are determined with the individual 
white discrimination count values, and the white balance control 
values are mixed and added according to the mixing ratios so that 
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the ratios, at which the light source occupies the picture plane 
individually for the color temperatures, are clarified for the 
imaging data such as a mixed light source. Thus, it is possible 
to determine the white balance control value corresponding to the 
proper mixing ratio determined. 
[0036] (Second Mode of Embodiment) 

Fig. 3 is a block diagram showing a constitution of an 
essential portion (or a white balance control value operating 
device) of an "imaging device" according to a second mode of 
embodiment. The constitution of the imaging device other than 
this essential portion may be any of well-known suitable ones so 
that it is omitted from the description. The low color temperature 
side white balance control value by a low color temperature side 
WB operation 208, the high color temperature side white balance 
control value by a high color temperature side WB operation 210, 
a low color temperature side count value 216 and a high color 
temperature side count value 217, of the imaging data photographed 
by the imaging elements having a plurality of color filters and 
determined by using the white discrimination regions 502 and 503 
are similar to the control values and the count values of Embodiment 
1, so that their descriptions are omitted by quoting the 
description of Embodiment 1. 
[0037] 

The present embodiment is characterized by making a 
threshold value comparison 220 with respect to the low color 
temperature count value 216 before determining the mixing ratio 
at the time for determining the white balance control value from 
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the low color temperature side count value 216 and the high color 
temperature side count value 217. 
[0038] 

When the low color temperature side count value is higher 
than the threshold value as in case the threshold value th is set 
to th = 20, 000 so that the low color temperature count value 216 
to be sent to the threshold value comparison 220 is CLo = 50, 000 
sets, the light source of the imaging plane is decided to come 
from the light source of the low color temperature side, and the 
mixing ratio of MixLo : MixHi =1:0. Likewise, the threshold 
value comparison is made on the high color temperature side so 
that the light source of the imaging plane may be decided to be 
the light source on the low color temperature side, when the high 
color temperature count value is lower than the threshold value, 
thereby to set the mixing ratio to MixLo : MixHi =1:0. 
[0039] 

When the low color temperature side count value is lower 
than the threshold value as in case the threshold value th is set 
to th = 20,000 so that the low color temperature count value CLo216 
to be sent to the threshold value comparison 220 is CLo = 15,000 
sets, it is decided that the degree for the light source on the 
low color temperature side to participate in the color temperature 
of the imaging plane, and the number of interior division between 
the threshold value th and 0 is made the mixing ratio to the high 
color temperature side white balance control value. Namely: 
MixLo : MixHi = {CLo/th} : { (th-CLo) /th} 

= {15, 000/20, 000} : { (20, 000-15, 000) /20, 000 } 
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When the threshold value th is set to 30 % of the whole set 
number set white (th = 0.3), for example, so that the low color 
temperature side count value CLo = 15, 000 sets and the high color 
temperature side count value CHi = 70,000 sets, the low color 
temperature count value CLo216 to be sent to the threshold value 
comparison 220 of CLo = 15,000 sets, is 15,000/(70,000 + 15,000) 
x 100 = 17.6 %. When the low color temperature side count value 
is lower than the threshold value, the number of interior division 
between the threshold value th = 0 . 3 and 0 is made the mixing ratio 
to the high color temperature side white balance control value. 
Namely: 

MixLo : MixHi = { CLo/CHi-f CLo } } : { (th-CLo) / (Chi+CLo) } 

= {15, 000/(70, 000 + 15, 000) } : { 0 . 3- ( 15 , 000 / ( 7 0 , 00 0 + 15 , 000 ) ) } 

= 17. 6 : 12.4 (22) . 

The mixing ratio of the low color temperature side and the 
high color temperature side thus determined is sent to a WB 
mixing/adding operation 211, and the white balance control value 
for the white balance adjustment of the imaging data determined 
is outputted from a WB control value output 212, as in Embodiment 
1. 

[0040] 

By providing the threshold value comparison 220 for the low 
color temperature count value, as has been described hereinbefore, 
it is possible to weight the white balance control value on the 
low color temperature side. This threshold value comparison may 
be disposed on the high color temperature side or on both the low 



color temperature side and the high color temperature side. 
[0041] 

As described above, the mixing ratios to the white balance 
control values determined for the individual white discrimination 
regions divided in plurality are determined with the individual 
white discrimination count values by using the threshold values 
as the count values, and the white balance control values are mixed 
and added according to the mixing ratios so that the ratios, at 
which the light source occupies the picture plane individually 
for the color temperatures, are more precisely discriminated for 
the imaging data such as a mixed light source according to a low 
color temperature light source, e.g., the setting sun or a high 
color temperature light source, e.g. , a daytime fluorescent light. 
Thus, it is possible to determine the white balance control value 
corresponding to the proper mixing ratio determined. 
[0042] (Third Mode of Embodiment) 

Fig. 4 is a block diagram showing a constitution of an 
essential portion (or a white balance control value operating 
device) of an "imaging device" according to a third mode of 
embodiment. The constitution of the imaging device other than 
this essential portion may be any of well-known suitable ones so 
that it is omitted from the description. The low color temperature 
side white balance control value by a low color temperature side 
WB operation 308, the high color temperature side white balance 
control value by a high color temperature side WB operation 310, 
a low color temperature side count value 316 and a high color 
temperature side count value 317, of the imaging data photographed 
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by the imaging elements having a plurality of color filters and 
determined by using the white discrimination regions 502 and 503 
are similar to the control values and the count values of Embodiment 
1, so that their descriptions are omitted by quoting the 
description of Embodiment 1. 
[0043] 

The present embodiment is characterized by reflecting a 
photographing condition on a threshold value comparison 320 with 
respect to the low color temperature count value 316 before 
determining the mixing ratio at the time for determining the white 
balance control value from the low color temperature side count 
value 316 and the high color temperature side count value 317, 
or by weighting the count value from each white discrimination 
region in accordance with the photographing condition. 
[0044] 

Fig. 4 sends a photographing condition 321 to the threshold 
value comparison 320 of the low color temperature side count value 
and to a mixing ratio calculation 306. 
[0045] 

In case the photographic image is dark, for example, it is 
thought that the light source on the low color temperature side 
easily exerts influences upon the color temperature of the 
photographic image. For Ev = 7 or less, therefore, the threshold 
value th described in Embodiment 2 is set to 30 % (th =0.3) of 
the total combination number decided to be white. For Ev = 9 or 
less, the threshold value th described is set to 10 % (th = 0.3) 
of the total combination number decided to be white. For Ev = 7 



to 9, the threshold value th is linearly varied from 30 % to 10 %. 
[0046] 

When the photographed image has Ev = 8 and when the low color 
temperature side count value CLo = 15,000 sets whereas the high 
color temperature count value CHi = 70,000 sets, for example, the 
threshold value th takes th = 0.2, and the low color temperature 
side count value CLo216CLo = 15, 000 sets to be sent to the threshold 
value comparison 320 is 15, 000/ (70, 000+15, 000) xlOO - 17.6 % of 
the total set number decided to be white. When the low color 
temperature side count value is lower than the threshold value, 
the number of interior division between the threshold value th 
= 0.2 and 0 is made the mixing ratio to the high color temperature 
side white balance control value. Namely: 
MixLo : MixHi = { CLo/ (CHi+CLo) } : { (th-CLo) / (CHi+CLo) } 
={15,00 0/(7 0,00 0+15,0 00) : { 0 . 2- ( 15 , 000 / ( 7 0 , 0 00+15 , 000 ) ) } 
17.6 : 2.4 (23) . 

Still moreover, the mixing ratio thus determined may be 
further weighted under the photographing condition. 
[0047] 

At Ev = 9 or less, for example, the mixing ratio of the low 
color temperature side is set to rise at 10 % as Ev decreases by 
1. Then, the mixing ratio calculated by (23) is further weighted 
so that the determined mixing ratio is MixLo : MixHi = 19.4 : 2.4. 
[0048] 

The mixing ratio of the low color temperature side and the 
high color temperature side thus determined is sent to a WB 
mixing/adding operation 311, and the white balance control value 
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for the white balance adjustment of the imaging data determined 

is outputted from a WB control value output 312. 

[0049] 

By reflecting the photographing condition 321 for the 
threshold value comparison 320 and the mixing ratio calculation 
306, as has been described hereinbefore, it is possible to weight 
the white balance control value on the low color temperature side. 
This threshold value comparison may be disposed on the high color 
temperature side or on both the low color temperature side and 
the high color temperature side. Moreover, the photographing 
condition may be reflected on the threshold value comparison and 
the mixing ratio calculation not only on the high color temperature 
side but also on both the low color temperature side and the high 
color temperature side. 
[0050] 

As described above, the mixing ratios to the white balance 
control values determined for the individual white discrimination 
regions divided in plurality are determined with the individual 
white discrimination count values by using the threshold values 
and the photographing condition as the count values, and the white 
balance control values are mixed and added according to the mixing 
ratios so that the ratios, at which the light source occupies the 
picture plane individually for the color temperatures, are more 
precisely discriminated for the imaging data such as a mixed light 
source according to a low color temperature light source, e.g., 
the setting sun or a high color temperature light source, e.g., 
a daytime fluorescent light. Thus, it is possible to determine 
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the white balance control value corresponding to the proper mixing 
ratio determined. 

[0051] (Fourth Mode of Embodiment) 

Fig. 5 is a block diagram showing a constitution of an 
essential portion (or a white balance control value operating 
device) of an "imaging device" according to a fourth mode of 
embodiment. The constitution of the imaging device other than 
this essential portion may be any of well-known suitable ones so 
that it is omitted from the description. Here, the constitution 
of this embodiment corresponds directly to those of claims 13 and 
14 . 

[0052] 

The image data, which is taken by the imaging elements having 
a plurality of color filters, is developed by a white 
discriminating operation 402, as in Embodiment 1, over a 
chromaticity coordinate space of X and y obtained by formulas (7) 
and (8), so that a white decision 403 is made by white 
discrimination regions 1 - N (N: a positive integer) 602 to 606, 
as shown in Fig . 6. Here, the region N is a higher color temperature 
region than the side of region 1. 
[0053] 

Here, a white discrimination region 1 WB control value 428 
by the white discrimination region 1WB operation 408, a white 
discrimination region N WB control value 430 by the white 
discrimination region N WB operation 425, and a write 
discrimination region 1 count value 416 to a white discrimination 
count value 426, as determined herein, are similar to those of 
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the WB operation values and the count values in Embodiment 1 so 
that they are omitted from the description. 
[0054] 

The present embodiment is characterized by performing the 
comparisons 420 and 421 with the threshold values for the necessary 
while discrimination region thereby to reflect a photographing 
condition on that threshold value before determining the mixing 
ratio at the time for determining the white balance control value 
from the white-discriminated count values 416 to 426 of the 
individual white discrimination regions divided in the color 
temperature direction, or by weighting the count value from the 
necessary white discrimination region in accordance with the 
photographing condition . 
[0055] 

In case the white discrimination regions 1 to N (602 to 606) 
shown in Fig. 6 are set and in case the threshold value comparisons 
(420 to 421) are set in the white discrimination regions 2 to N 
(603 to 606), as shown in Fig. 6, the weights to be given to the 
count values of the individual white discrimination regions are 
changed to Ev = 7 to 12 under the photographing condition 422. 
[0056] 

A table, in which the threshold values to the individual 
white discrimination region count values for the individual Ev 
values are tabulated in % of the whole white count numbers, is 
shown in Fig. 7. Fig. 7 is a table stressing the high color 
temperature side in the color temperature axis direction, and 
weighting the high color temperature side region more for the 



brighter photographed image. 
[0057] 

If the white balance control values obtained from the 
individual white discrimination regions are mixed with the count 
values weighted by the threshold values of the table of Fig. 7, 
the setting is made to emphasize the outdoor natural light at a 
high color temperature and to slight an indoor electric bulb light . 
With this setting, the correction is made by stressing the outdoor 
light, but the red component of the electric bulb is left so that 
the natural white balance adjustment closer to the human visual 
senses is made. 
[0058] 

If a photography using the strobe light as a light source 
is inputted as the photographing condition, the setting is made 
such that the influences by the light source of the strobe light 
are intensified the more for the darker photographed image, as 
tabulated in Fig. 8. 
[0059] 

With the threshold values thus obtained from the tables, 
the individual white discrimination count numbers are weighted 
to set the mixing ratios of the white balance control values of 
the individual white discrimination regions in accordance with 
the resultant count numbers. 
[0060] 

Moreover, the weighting of the count values may be determined 
according to a specific operation not by using the aforementioned 
tables but by the products of the coefficients proportional to 
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Ev and the weighting constants given to the individual white 
discrimination regions . 
[0061] 

The mixing ratios of the white balance control values of 
the individual white discrimination regions thus determined are 
sent to the WB mixing-adding operation 411, and the white balance 
control values for the white balance controls of the photographic 
data determined are outputted from the WB control value output 
412. 
[0062] 

As described hereinbefore, the photographing condition 422 
is provided and reflected on the threshold value comparisons 420 
to 421 and the mixing ratio calculation 406, so that a proper 
weighting can be made on the white balance control value on the 
low color temperature side. This threshold value comparison may 
be applied to the results of the whole white discrimination 
regions . 
[0063] 

As described above, the mixing ratios to the white balance 
control values determined for the individual white discrimination 
regions divided in multiplicity are determined with the individual 
white discrimination count values by using the threshold values 
and the photographing condition as the count values, and the white 
balance control values are mixed and added according to the mixing 
ratios so that the ratios, at which the light source occupies one 
picture plane individually for the color temperatures, are more 
precisely discriminated for the imaging data such as a mixed light 
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source according to a low color temperature light source, e.g., 
the setting sun or a high color temperature light source, e.g., 
a daytime fluorescent light or a strobe light. Thus, it is 
possible to determine the white balance control value 
corresponding to the proper mixing ratio determined. 

[0064] (Modifications of Mode of Embodiment) 

In the individual embodiments thus far described, 
the color filters of the imaging elements use complementary color 
filters. Color filters such as primary color filters, as shown 
in Fig. 12, can be effectively used. 

[0065] 

In the foregoing description, the Ev values indicating the 
brightness of the photographing image are used in the photographing 
conditions for determining the mixing ratio and the threshold value . 
The uses of the signal of the use of the strobe light source, as 
described in Embodiment 4, the photographic camera information 
such as the diaphragm stop of the photographing lens, the focus 
distance or the shutter speed, and the information indicating the 
object image such as portrait mode, landscape mode or night scenery 
mode are effective means for the white balance adjustment. 
[0066] 

The count number of the white discrimination regions is the 
evaluation index for the white discrimination evaluation. It is, 
however, effective to add the output from a color temperature 
measuring sensor disposed separately, to an evaluation index, to 
use the same as a portion of the evaluation index, or to use the 
same as the photographic information for weighting the threshold 
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value or the mixing ratio. 
[0067] 

[Effects of the Invention] 

According to the invention, as has been described 
hereinbefore, it is possible to provide an imaging device, which 
can determine a white balance control value for an accurate white 
balance ad j ustment . 

[0068] 

For the imaging data such as a mixed light source, more 
specifically, the ratio for the light source to occupy the picture 
plane for different color temperatures can be clarified to 
determine the white balance control value matching the proper 
mixing ratio determined. To the imaging data such as the mixed 
light source of a low-color temperature such as a setting sun and 
a light source of a high color temperature such as a daytime white 
fluorescent light, the ratio of the light source for different 
color temperatures in the picture plane can be precisely 
discriminated to determine the white balance control value 
corresponding to the proper mixing ratio determined. 
[Brief Description of the Drawings] 

[Fig. 1] A block diagram showing a constitution of an essential 
portion of a first mode of embodiment. 

[Fig. 2] A white discrimination region used in the first mode 
of embodiment. 

[Fig. 3] A block diagram showing a constitution of an essential 
portion of a second mode of embodiment. 

[Fig . 4 ] A block diagram showing a constitution of an essential 
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portion of a third mode of embodiment. 

[Fig. 5] A block diagram showing a constitution of an essential 
portion of a fourth mode of embodiment. 

[Fig. 6] A white discrimination region used in the fourth mode 
of embodiment . 

[Fig. 7] A diagram showing a table of threshold values used in 
the fourth mode of embodiment. 

[Fig. 8] A diagram showing a table of threshold values used in 
the fourth mode of embodiment. 

[Fig. 9] A block diagram showing a constitution of a related 
art example. 

[Fig. 10] A diagram showing a white discrimination region used 
in the related art example. 

[Fig. 11] A diagram showing a compensating filter array of 
imaging elements. 

[Fig. 12] A diagram showing a primary color filter array of 
imaging elements. 

[Description of Reference Numerals and Signs] 

102 White Discriminating Operation 

103 White Decision 

106 Mixing Ratio Calculation 

108 Low Color Temperature Side WB Operation 
110 High Color Temperature Side WB Operation 
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0 l©#fi©ffi«(EK(j-6,ftfct»©T?, feia*SU»E«« 

^^fij$ft-tv^5„ 
40 [0007] mfis ( 1 ) , (2) ©S^S;t?*ft6)ftfc 
x, YMW*,.«*.tfHl oco-fe^ffiSioeWJffiilE 

2 (7 0 3) ©^iEAofcit, C©S^iEfflV^f 3 ftfc 

-ffiw-fe^^x- ^ (4, tts-*-* e«suta« 2f-^i 

[0008] ElloaWJSf, 6«giJ, 
~ 5 ©AP^S^Sr— HffiF*3©#^5>-r-^ icoV^T : ft 

[0 0 0 9] C©ttfi«SU««cl~5f4, *K*#jE 
50 ±-3t*P^ h^7^^PSTf©ffiffl©^I^ s ^HSft 



(5) 



#12 00 2-13 5 80 2 
8 



* 3c 



[0012] mmmmmm o o 9T«£^fc6« 

[0 0 13] Mg^f^SumMg, Gr^ 
OiM^SumG r, Cy^iM^SumC 



#CD/fr!M >/^y y^ftlJWltWBMg, WBG r N WB 
C y , WB Y e btlZo 



<5 Q 

[0010] Sflt^AP E Xffi-CE v = 1 

5T*&ofc&tbtf, -fefi«^4 o o o Kumytmom 

fejfiS^ 4 0 0 0 K£lT"efc5 e*JS'J^ 5 (7 0 6) 
**^*#^A*1-5©^*^*#1 oiot, 6*IBU 

iHWSraw-tso^-ewaji o o 9-efc5„ 

[0 0 11] Z.(D£o%^mz.£oX, itlfftSWiS^ 

#!M h/^>-;vKltT©6«S!J£ff&&5 t LT^ *10 

WBMg = (S umMg + S umG r + S umC y + S umY e) /SumMg 

(3) 

WB Gr= (S umMg + S umG r +S umC y + S umY e) /SumGr 

(4) 

WBCy= (S umMg + S umG r+SumCy+S umY e) /S UmCy 

(5) 

WB Y e = (S umMg + S umG r + S umC y + S umY e) /SumYe 

(6) 



20 



30 



(4, wB$ij«tffl* i o 1 2 j; <o mtizhx, mm®. 

<D&&i$fty : '~-?\cMl.X*y-<( h;<7>-xMm>fT?£ 
[0 0 14] 

fc5o m?umm<D x ? «jkb#^e v = i 5 ± d 
wsv^ttt* e*isim*a«*#^fejaft4 o o ok 

J^T©6«SiJffi«5 (7 0 6) £*!7^ h/^y^SI 
[00 15]- ~ -a*o«^*«T-n**^»ffi 

XhZttMft&^&Mg. (5 5 0 0 KSS) <D3fc$i©6 
WJf*£8fe£ft5/i s > Mrtco«3»7tco{6v^-fejaS (3 0 
OOKtS) 03fc»©eJRISUB:K^1-§^TU*V\ *!7 

V^fcffl»#*>5. 40 
[0 0 17] 



mm\ciyt^"xmmmm<DWBmmm^x^bh 

it%in^ti<D&V'{ \-/<yyxfflffl$.£>M%-tttfMW% 
ftozkizzioxvyf t-^yyy-ffi&Zfto fcfeo* v 

4 b^y^^mmmmw-rmn^ti^irm^r 

[0 0 18] 

mwmmmc-b t ^xmmmm^wmmmm^x^ 

$> bivtc.Zti^iKDfrvJ Y;<y yxUffliiomz-Urt 
Mmn7^.t\cX<0^9-^ b^yyxm&Zftotctb 
<D*V4 hs<y>xMmiU%feW1rZ>WLWxyyy°k& 

[0019] Wkv>&7 4 WZ^ir&fflteZfk 

■bit m\ £ nmmmmmm u ummvwmm 
mmmommmmz&^x, &&xhz>t 

% t ^xmtmmowmmmm^x* 



» io 



20 



[0 0 2 0] 

*©«fc £ DPL< gg© 

juices &-r , mMwmmnmm icman & tufc*«fe©» 

LfcC D-ROMtf ©IEttU**0^-C*«-t"5 - fctfTJ 

[00 2 1] (* 1 OM&W&M) mitt, » 1 ©** 
C0^ffit?fc5 "ISlli" ©SgB 
WEGftgglt) #i«Sr*1-^ciy^H-C*>5. -© 

^©-fe^-r/v^fi, Wiflll lt*$^5i5^ 

Mg (^>^) , Gr (^U-V) , Cy (v"7 
y) , Ye (-f^n-) ©gB^JSr^O«67W^^t?fe 

zitmm i^zhzwfcT-Pxti i o l icA^$ 

[0 0 2 2] AASttfcx^A^^^-^fi, SI 
1 (^$tv5-felS^J©Mg, Gr. Cy, Ye©2X2 

o 2^fcv^ftS;t?*$*t5J:-5*x, YtfsgttiStu 

X, Y2^7cttT*§*t5feSffi»±^*$ 
tvT\ 6fl£l 0 3fcfflv>e>ii,S. 
[0 0 2 3] 

X= (Cy-Ye) /Yi (7) 
Y= (Mg-G r) /Y i (8) 
Y i fife fljttfM g , Gr, C y; Y e © WiSfri:* "T* 

coy i x-mffiitt&z. tre;- fi*U5£#W£ i"*/Ww## 

[0 0 2 4] H2tt, 5t (7) , (8) ©X, Yt« 

a«»**ft««©fij£tiecibfcis*5 0 i©#a©* 

WBMg L o = (S umMg Lo+SumGrLo+SumCyLo+ 

t> u m 1 e L o ) /S umMg L o (9) 
WBG r L o = (S umMg L o + S umG rLo+SumCyLo + 

SumYeLo) /SumGrLo (10) 
WB C y L o = (S umMg L o + S umG r Lo+SumCyLo+ 

S umY e L o) /S umC y L o (11) 
WB Y e L o = (S umMg L o +S umG r Lo + SumCyLo + 
SumYeLo) /SumYeLo (12) 
Ntt£ % *fe bfltc^mmr-^m^m H90fi iSSgHi, WBGrHi.WBCyHi, 
06©f-?SumMgHi, SumGrHi, Su &5t<fc 5 {CJftfc P>tt/5„ 

mC y H i , SumYeHili, %freinlK&m£.Wf [0 0 3 2] 

BS^l 1 Olzmbtl. *IM H/<7^^SlJ«eWBM^ 

WBMg H i = (SumMgH i +SumGr H i+SumCyHi + 



(6) #1200 2-1 3 580 2 

10 

*mmmtfbfr±h<DX\ £}&g4 0 0 0K*IS©feS 

[oo25] st±* x\mm<nmm®.wmt mmvmz 

[0 0 2 6] MB (7) \ (8) ©«J|«iTf*»&*Vfc 

«fe?a^«cofj« 502+ tAo t •# » ewaioiB* 
m#i 1 4*iwfeffl*«9 f -^a»i o 9\cmb*i, - 

feasant- o 9 -efej^fet-x-^eaying 
[0 0 2 7] *fc^tvti^^e*ijsijo«^f-§-i 1 3 

[0 0 2 8] fllt, WIS (7) > ( 8 ) ©«HSiT?5ft 

©ffife?a*iRij©n«5 o 3 +icAofc ewu©it 

*ffl#l 1 4aM£fetfiS«T-*«#l 0 7tm 
c ©fg^ir. £oX&&MMM7*-fm# l o 7 tc^fetu 

x^tcigmzm^fotc-m<n&j$ft?'-? 1 1 ss, 

fiftiSfljf-^**! o 7 -efe^ft^x-^tt^ip 

C^tPBf^eW3iJ©Jt*ff^l 1 3HMS&WL 

mm ^ h i o 4 jwi^fc^ *rs. w i # * 
[oo2 9] K±©esw9Hn», a«, 2o©ewj 

fI«©JP»^^, 2 o© fifJSiJSS©* -7 y h Sr-WS 

[ o 0,3 Q.i ..jmhhfcimMmw^tmfm^i* 

<Dfe#S«r i tS'u MMtLt) "V S u mG r t o", "" 
Sum Cy L o\ SumYe Loll, -ttt^ejtffifitftS * 

fllWB8»JH 0 8£il|P>*u JfciM h'<7^*»J«tw 

BMgLo, WBGrLb, WBCyLo, WB Y e L 
[0 0 3 1] 



30 



WB Y e H i jfi 



11 



SumYeH 
WBG r H i = (SumMgH 

SumYeH 
WB CyHi = (SumMgH 

SumYeH 
WB Y e H i = (SumMgH 

SumYeH 

mz, bntcmummiJ t>y Hti 1 e t ^&mm * 
m v yvm 1 1 7 *, m&itwm loecso. ffife 

fc§„ fjtii, t> y MfcJ* 15,000 * 

MixLo : M i xH i = 1 5 

[0 0 3 3] L<D£ 7i-t-C**fetbfcM-n-JtM i x L 
o : M i xH i iCJSCT, WBJE^P*^ai 1 1 l-fcSS 

WBMg= {M i x L o/ (M i x L o +M i xH i ) 
{M i x H i / (M i x L o +M i x H i ) 



(7) WR2 00 2-1 3 58 0 2 

12 

i ) /S umMgH i (13) 
i+SumGrHi+SumCyHi+ 
i ) /S umG r H i (14) 
i + S umG r H i + S umC y H i + 
i) /SumCyH i (1 5) 
i + S umG r H i + S umCyH i + 
i) /SumYeH i (1 6) 

*i , i§5fej&g«# P y h 3 5 , o o o mxh o ± & 

«\ fifeM*«WBSlJ«ei: i^#,?fiSffllWB ffflWit© 
jg-g-itM i x L o : M i x H i £ 



000:3 5, 000 = 3:7 
[0 0 3 4] 



WBG r = {M i x L o/ (M i x L o +M i xH i ) 
{Mi x H i / (Mi x L o +M i x H i ) 

WBCy= {MixLo/(MixLo +M i xH i ) 
{M i x H i / (M i x L o +M i x H i ) 

WB Y e = (M i xLo/ (M i x L o +M i x H i ) 
{M i x H i / (M i x L o +M i x H i ) 



^<D£o\cLX$itbbtifcXV-<( b/<yyx$m$.%w 

[ o 03 5-i %~±^^rmc\^m^titcBmmm 
®& tc* nb knit fttw h'<y y^ummm UX, % 

G-mcfczxxm b^yy* mmm zn-&tm t x m 

mvx, Hffi4 j !--&Mas'j(^tjic> fife zm&frmw 

[0 0 3 6] {%2<D%M<DirM) 03li, f2©»I 

WSiJffi«5 0 2*5 &Xf 5 0 3£fflV^T>jifefci:#©, ffi 
fe?fiSfflJWB^2 0 8iCj;5te#.?£fi{|iJ*!7-Y 
y * ftJIMt i: i« feMSftiJW B St» 2 1 0 ic J; 5 

it. 2 1 6 1 t> y Mi 2 1 7 hism 1 © 

ifit*3<t^* net ^tfto-c, nit^ii 1 omm 



} WBMg L o + 
} WBMg Hi 

(1 7) 
} WBG r L o + 
} WBG r H i 

(1 8) 
} WBCy Lo+ 
} WBCyH i 

(1 9) 
} WBY e L o + 
} WBY e H i 

(20) 

[0037] if%mm<owm-i. tefessflij* t? y 

30 2 1 6 t.^&mimv> H2 17<tO *!7-r 
bXhZ>, 

[0 0 3 8] m*-\t. Mfltt h#t h=2 0, 0 0 011 

tlSSS^TV^T, Httit«2 2 0(c^e,ti5tefeii.S 
#£vHt2 1 6#!CLo=5 0, OOOmT-fcSirL 
fcii£© <fc 5 ?v Me^fiHt£±l§lo 
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©gg& V'<y>*u 

WSUffiJK5 0 2*3<fctf5 0 3*ffiv>-C**fci:t©, (S 
fefi^HJW B ft* 3 0 8 IC <fc 5 {gfiiUftii* 7^ h^7 
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/ (CH i +CL o) ) } 
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f v vm.<r>mmM 3 2 0, a^tfcintj 30 6 icm<> X 

[0 04 5] W3.fi, *^iB^^Btv^i #14, tefei&S 

^©^^a^B^feMajKw^isuc^v^ii*- 

X. btlZ><»X\ E v = 7 filT-Cd, HJSW 2 XTty<bfa 

xv^BMi t h * e«s*wfci«© 30% ( t h = 

0. 3) fcKSU Ev = 9ElTTttHltt hSr6*JS 
SJifc^Wcoi 0% (th = 0. 3) kBfeL, Ev 

&7frb9<D pfltt 3o%hio %© m%$tft\cmik £ 

[004 6] «*.tf, S^fclSflfciS E v = 8 X. ffi 
i)yHCLo = 15, 00 ofi, a-fefiS 
fl^^^hifiCH i =7 0, 0 0 Ofit?$>ofct ^ x H 
It t h (4 t h = 0 . 2 4: ft 13 , UttifcK 3 2 0 ^iHfett 
5ifeaS*9yF*CLo2 16CLo=15, 0 0 
0»f±, e*JS**T/fc^a«0 1-5, 0 0 0/ (7 0, 
000+15, 000) X 1 0 0 = 1 7 . 6 %Xfo *) , 
tefefi^W* ^ ^ BH* T® o T v ^5 i t , Hit 
t h = 0 . 2 i: 0 coFfl-CW^ LfcmS-l^feifi^» 
\-/<.y>7.Mffli&k<DU&l£ki-?>o 1rt£k>h, 
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[0 0 5 0] 6i±«DJ:.5fc, *HR£jMN£ftfc&WMf( 

X, Ig^JtlilStt*?^ h^y^^SWiitSrM^R* 
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